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APPARATUS AND METHODS RELATING TO 
EXPANDED DYNAMIC RANGE IMAGING 

ENDOSCOPE SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from pend 
ing US. provisional patent application No. 60/506,273 ?led 
Sep. 26, 2003. 

BACKGROUND 

[0002] The diagnosis and treatment of disease often 
requires a device to vieW the interior passages of the body 
or body cavities that may have to be accessed by surgical 
instruments. The most common Way to do this is via 
endoscopy systems. Endoscopes are Well knoWn as devices 
to relay images of the internal anatomy to the eye of a 
physician or surgeon. They include ?exible endoscopes such 
as bronchoscopes, gastroscopes, colonoscopes, sigmoido 
scopes and others. They also include rigid endoscopes such 
as arthroscopes, laparoscopes, cystoscopes, uretoscopes and 
others. Endoscopes may use optical, ?beroptic or electronic 
devices or systems to relay images to the operator. Endo 
scopes are typically part of an imaging system. The imaging 
system usually comprises light sources, cameras, image 
recording devices and image display devices such as video 
monitors or printers. 

[0003] Endoscopes have become smaller and less expen 
sive to build and have resulted in a continuing improvement 
in image quality. NeWer and smaller imaging sensors such as 
charge coupled devices (CCDs) or complementary metal 
oxide semiconductor (CMOS) image sensors have alloWed 
the cameras to record and transmit a video image to be 
integrated into the tip of the endoscope. 

[0004] A problem With integrating these image sensors 
into the small space available at the tip of an endoscope is 
that compromises in either image resolution or image 
dynamic range are usually required. Resolution is the ability 
to spatially resolve details in an image. Dynamic range 
refers to range of shades of light and dark that can be 
captured by the imaging device. A limiting factor for reso 
lution is usually not the optical quality of the endoscope 
lenses but the number of pixels available on the CCD. A 
limiting factor for dynamic range is the ability of each pixel 
of the CCD to capture the light that makes up an image. 
Smaller image sensors require smaller pixels, and smaller 
pixels mean less ability to capture a Wide range of light 
levels. 

[0005] Most endoscopes are equipped With image sensors 
that can capture a color image When the tissue is illuminated 
by White light. This is usually accomplished by placing 
optical ?lters that transmit different colors over adjacent 
pixels on the image sensor. Usually these ?lters are red, 
green and blue ?lters, but they may also be other colors such 
as cyan, yelloW and magenta, or other combinations of 
colors as may be desired. These ?lters are commonly 
arranged in a repeating spatial pattern Wherein ?lters of 
different colors are located over pixels adjacent to one 
another. A common pattern of red, green and blue pixels is 
a Bayer pattern. The adjacent color ?ltered pixels are each 
assigned the same spatial location in the digital image, even 
though they are not actually in the same location and thus the 
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features of the image they are measuring are not in the 
identical spatial location. Usually these pixels are close 
enough to approximate the optical characteristics of the 
tissue being imaged, but they may in some cases reduce the 
ability to accurately locate details, such as netWorks of blood 
vessels. In contrast, When the detector’s pixels are actually 
measuring the same location in the image the measurement 
can be more accurate. 

[0006] One method of improving the accuracy of imaging 
can be to use three image sensors maintained at the proximal 
end of the endoscope. Such sensors split the image into three 
Wavelength components, each With its oWn image path, so 
that the images are registered accurately on each image 
sensor. These types of image sensors are commonly called 
3-CCD cameras and are commercially available from com 
panies such as Sony Corporation of Japan. These devices are 
feasible and produce high quality images When the endo 
scope relays an optical image outside of the body cavity, 
rather than transmitting an electronic image, but are costly 
and cannot be easily implemented in the tip of an endoscope. 

[0007] Another method of producing high quality images 
is to use a single monochrome CCD and to sequentially 
capture images illuminated by different Wavelengths of 
illumination light by changing a ?lter in front of the sample 
or target. Such systems have been produced using optical 
?lter Wheels as With an endoscope system produced by 
Pentax Corporation of Japan and have also been produced 
using liquid crystal color ?lters or acousto-optic tunable 
?lters placed in front of cameras, such as those available 
from QImaging Corporation of Vancouver, Canada. While 
the liquid crystal and acousto-optic ?lters have good control 
of exposure time, none are currently available placed at the 
tip of an endoscope. 

[0008] Endoscopes With monochrome CCDs have been 
produced and used in conjunction With rotating ?lter Wheels 
by Pentax Corporation but these have the disadvantage of 
?xed exposure duration and ?xed relative brightness pro 
vided by the ?lters in the rotating ?lter Wheel. 

[0009] A more common method of producing endoscopy 
images has been the integration of matrix ?ltered CCD or 
CMOS image sensors in the tip of an endoscope. In order to 
make the image sensor small enough to ?t in the tip of a 
small endoscope compromises are typically made in the 
number and siZe of the pixels available. Pixels are usually 
reduced to the smallest practical siZe manufacturable. When 
the pixels are made smaller, the capacity to capture photons 
of light is proportionally reduced to loss of the active area of 
the pixel, and the ability to capture Wide ranges of brightness 
is also reduced. The ability to capture Wide ranges of 
brightness is in part reduced because, in the case of the most 
common type of image sensor, When the photon is captured 
in the silicon of the device, it generates electrons Which must 
be stored until they can be read out and measured. The 
smaller the pixel, the feWer electrons strike it and the feWer 
it can store, so the more limited the range of brightness that 
it can measure. If the image projected on the sensor by the 
endoscope objective varies greatly in brightness, the entire 
range of information Will not be captured and some parts of 
the image Will be too bright While other parts are too dark. 

[0010] Thus, there has gone unmet a need for endoscopy 
cameras and endoscopy systems that can improve the per 
formance of endoscopes by improving image qualities such 
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as contrast and dynamic range. The present apparatus and 
methods provide these and other advantages. 

SUMMARY 

[0011] The apparatus and methods herein provide light 
sources and endoscopy systems, etc., that can improve the 
quality of endoscopes and the ability of users to distinguish 
desired features With endoscopes. 

[0012] The endoscopy systems comprise an endoscope 
With an integrated image sensor such as a video camera at 
the distal tip or portion of the endoscope. Generally speak 
ing, the distal end of an endoscope is the end of the 
endoscope that is inserted into the body and directed to a 
target tissue; the proximal end is the end of the endoscope 
that is maintained outside the body, and typically comprises 
an ocular eyepiece and one or more handles, knobs and/or 
other control devices that alloW the user to manipulate the 
distal end of the endoscope or devices located at the distal 
end of the endoscope. As used herein, the distal end of the 
endoscope includes the distal tip of the endoscope, Which is 
the most distal surface or opening of the endoscope, and the 
portion of the endoscope adjacent to the distal tip of the 
endoscope. Endoscopes generally are Well knoWn. US. Pat. 
No. 6,110,106; US. Pat. No. 5,409,000; US. Pat. No. 
5,409,009; US. Pat. No. 5,259,837; US. Pat. No. 4,955,385; 
US. Pat. No. 4,706,681; US. Pat. No. 4,582,061; US. Pat. 
No. 4,407,294; US. Pat. No. 4,401,124; US. Pat. No. 
4,204,528; US. Pat. No. 5,432,543; US. Pat. No. 4,175,545; 
US. Pat. No. 4,885,634; US. Pat. No. 5,474,519; US. Pat. 
No. 5,092,331; US. Pat. No. 4,858,001; US. Pat. No. 
4,782,386; US. Pat. No. 5,440,388. 

[0013] Endoscopes usually further comprise an illumina 
tion light guide, typically an optical ?ber, ?ber bundle, lens 
or combination of these or other optical relay systems, that 
transmits light from a light source and projects it to illumi 
nate the anatomical site being imaged. 

[0014] In a video-endoscope the video camera can be an 
imaging sensor such as a complementary metal-oxide semi 
conductor (CMOS) or charge coupled device (CCD) image 
sensor, a charge injection device (CID), or a photodiode 
array, and an objective lens that forms an image of the 
anatomical site on the image sensor. The image sensor is 
usually a color image sensor With a matrix of color ?lters 
superimposed on the sensor but may be a monochrome 
image sensor Without a matrix of color ?lters superimposed 
on the sensor. 

[0015] The image sensor can be operated under computer 
or other electronic control and may or may not be synchro 
niZed With a light source. The image output may be a digital 
or an analog image. 

[0016] The apparatus and methods herein provide a com 
puter controlled light source and image processing system 
that Works interactively to produce images With expanded 
dynamic range, improved image contrast and improved 
image quality. 
[0017] The computer controlled light source embodiments 
comprise a lighting system that comprises a bright source of 
broad-band visible illumination commonly called White 
light, a Wavelength dispersive element such as a prism or 
diffraction grating and a re?ective pixelated spatial light 
modulator (RPSLM). The light from the light source is 
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directed as a beam to the Wavelength dispersive element 
Which disperses the beam into a spectrum that is imaged 
onto a RPSLM. The pixel element of the RPSLM can be 
sWitched to select Wavelengths of light and selected amounts 
of the selected Wavelengths of light to propagate. The light 
that propagates is then, if desired, optically mixed together 
and directed to the illumination path of an endoscope or 
other medical or non-medical device. 

[0018] The RPSLM may be operably connected to a 
controller, Which controller contains computer-implemented 
programming that controls the on/off pattern of the pixels in 
the RPSLM. The controller can be located in any desired 
location to the rest of the system. 

[0019] In one aspect, the present apparatus and methods 
provide a lighting system that provides a variable selected 
spectral output and a variable selected Wavelength depen 
dent intensity distribution. The lighting system comprises a 
light path that comprises: a) a spectrum former con?gured to 
provide a spectrum from a light beam traveling along the 
light path, and b) a re?ective pixelated spatial light modu 
lator (RPSLM) located doWnstream from and optically 
connected to the spectrum former, the RPSLM re?ecting 
substantially all light impinging on the RPSLM and sWit 
chable to re?ect light from the light beam betWeen at least 
?rst and second re?ected light paths, at least one of Which 
does not re?ect back to the spectrum former. The RPSLM 
can be a digital micromirror device. The RPSLM is operably 
connected to at least one controller containing computer 
implemented programming that controls an on/off pattern of 
pixels in the RPSLM to re?ect a desired segment of light in 
the spectrum to the ?rst re?ected light path and re?ect 
substantially all other light in the spectrum impinging on the 
RPSLM to at least one of the second re?ected light path and 
another re?ected light path that typically does not re?ect 
back to the spectrum former, the desired segment of light 
consists essentially of a desired selected spectral output and 
a desired Wavelength dependent intensity distribution. 

[0020] In some embodiments, the system further com 
prises a light source located upstream from the spectrum 
former, and the spectrum former comprises at least one of a 
prism and a diffraction grating, Which can be a re?ective 
diffraction grating, transmission diffraction grating, variable 
Wavelength optical ?lter, or a mosaic optical ?lter. The 
system may or may not comprise, betWeen the spectrum 
former and the RPSLM, an enhancing optical element that 
provides a substantially enhanced image of the spectrum 
from the spectrum former to the RPSLM. The RPSLM can 
be a ?rst RPSLM, and the desired segment of light can be 
directed to a second RPSLM operably connected to the same 
controller or another controller containing computer-imple 
mented programming that controls an on/off pattern of 
pixels in the second RPSLM to re?ect the desired segment 
or other segment of light in one direction and re?ect other 
light in the spectrum in at least one other direction. The 
system can further comprise an optical projection device 
located doWnstream from the ?rst RPSLM to project light 
out of the lighting system as a directed light beam. 

[0021] The desired segment of light can, for example, be 
selected to substantially mimic a spectral output and a 
Wavelength dependent intensity distribution of at least one 
of the output energy for disease treatment, photodynamic 
therapy, or disease diagnosis, or to enhance contrast for 
detection or discrimination of a desired object in a sample. 
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[0022] In another aspect, the present apparatus and meth 
ods provides a stand alone light source that is sized to project 
light onto a tissue and having a variable selected spectral 
output and Wavelength dependent intensity distribution. The 
source of illumination can comprise a) a high output light 
source, b) a spectrum former optically connected to and 
doWnstream from the light source to provide a spectrum 
from a light beam emitted from the light source, c) an 
enhancing optical element optically connected to and doWn 
stream from the spectrum former that provides an enhanced 
image of the spectrum; d) a RPSLM located doWnstream 
from and optically connected to the spectrum former, the 
RPSLM re?ecting substantially all light impinging on the 
RPSLM and sWitchable betWeen at least ?rst and second 
re?ected light paths, Wherein the RPSLM can be operably 
connected to at least one controller containing computer 
implemented programming that controls an on/off pattern of 
piXels in the RPSLM to re?ect a desired segment of light in 
the spectrum in ?rst re?ected light path and re?ect other 
light in the spectrum to at least one of the second re?ected 
light path and another re?ected light path that does not 
re?ect back to the spectrum former, the desired segment of 
light consisting essentially of a desired selected spectral 
output and a desired Wavelength dependent intensity distri 
bution; and, e) a projection system optically connected to 
and doWnstream from the RPSLM in the ?rst direction, 
Wherein the projection system projects the desired segment 
as a directed light beam to illuminate the tissue. 

[0023] The source of illumination can further comprise a 
detector optically connected to and doWnstream from the 
RPSLM, the detector also operably connected to a controller 
containing computer-implemented programming con?gured 
to determine from the detector Whether the desired segment 
contains a desired selected spectral output and a desired 
Wavelength dependent intensity distribution, and adjust the 
on/off pattern of piXels in the RPSLM to improve the 
correspondence betWeen the desired segment and the desired 
selected spectral output and the desired Wavelength depen 
dent intensity distribution. The source of illumination can 
also comprise a heat removal element operably connected to 
the light source to remove undesired energy emitted from the 
light source toWard at least one of the RPSLM, the enhanc 
ing optical element, and the spectrum former. The various 
aspects, embodiments, elements, etc., discussed herein can 
be combined and permuted as desired. For eXample, the 
sources of illumination and lighting systems, as Well as 
methods, kits, and the like related to them, etc., can comprise 
various elements discussed for each other even if the ele 
ments are speci?cally discussed only for the other (for 
eXample, the detector of the source of illuminations can also 
be suitable for use With the lighting system). 

[0024] The heat removal element can be located betWeen 
the spectrum former and the ?rst re?ective spatial light 
modulator, betWeen the lamp and the spectrum former, or 
elseWhere as desired. The heat removal element can com 
prise a dichroic mirror. The dichroic mirror can transmits 
desired Wavelengths and re?ects undesired Wavelengths, or 
vice-versa. The undesired energy can be directed to an 
energy absorbing surface and thermally conducted to a 
radiator. The heat removal element can be an optical cell 
containing a liquid that absorbs undesired Wavelengths and 
transmits desired Wavelengths. The liquid can be substan 
tially Water and can ?oW through the optical cell via an inlet 
port and outlet port in a recirculating path betWeen the 
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optical cell and a reservoir. The recirculating path and the 
reservoir can comprise a cooling device, Which can be a 
refrigeration unit, a thermoelectric cooler, or a heat 
exchanger. 
[0025] The source of illumination further can comprise a 
spectral recombiner optically connected to and located 
doWnstream from the piXelated spatial light modulator, 
Which can comprise a prism, a Lambertian optical diffusing 
element, a directional light diffuser such as a holographic 
optical diffusing element, a lenslet array, or a rectangular 
light pipe. In one embodiment, the spectral recombiner can 
comprise an operable combination of a light pipe and at least 
one of a lenslet array and a holographic optical diffusing 
element. A detector can be located in the at least one other 
direction, and can comprise at least one of a CCD, a CID, a 
CMOS, and a photodiode array. The high output light 
source, the spectrum former, the enhancing optical element 
that provides an enhanced image, the RPSLM, and the 
projection system, can all be located in a single housing, or 
feWer or more elements can be located in a single housing. 

[0026] In another aspect the light source or endoscopy 
system comprises an adapter or other apparatus for mechani 
cally and/or optically connecting the illumination light guide 
of an endoscope to the output of the light source. The 
illumination light guide of the endoscope can be at least one 
of an optical ?ber, optical ?ber bundle, liquid light guide, 
holloW re?ective light guide, or free-space optical connector 
or other light guide as desired. The light guide may be 
integral With the remainder of the endoscope or it may be 
modular and separable from the endoscope. 

[0027] In another aspect the endoscope comprises a lon 
gitudinal tube of a biologically compatible and suitable 
material such as stainless steel or a suitable polymer that 
may be inserted into the body and that is equipped With an 
objective lens, and an image sensor and a light output port 
at the distal tip of the endoscope, typically sealed or encap 
sulated for cleaning or steriliZation. The objective lens 
and/or the illumination path may comprise a beam steering 
mirror or prism or other beam director for side or angle 
vieWing of a tissue. The endoscope may further provide a 
lumen that provides for insertion of a tissue sampling 
accessory such as a brush or biopsy forceps, or a treatment 
accessory such as an electrosurgical loop or optical ?ber or 
other accessory. 

[0028] In some embodiments the image sensor of the 
endoscope can be an un?ltered image sensor. An un?ltered 
image sensor relies on the natural optical response of the 
sensor material to light impinging on the sensor to generate 
an image signal. 

[0029] In other embodiments the image sensor can have an 
optical ?lter placed in front of it to limit the Wavelengths of 
light that reach the sensor. Unlike a matriX ?lter that only 
alloWs selected Wavelengths to reach selected piXels, the 
optical ?lter is con?gured to alloW the same Wavelengths to 
reach all piXels if they are present in the signal from the 
sample. The optical ?lter can be at least one of a long-pass 
?lter, a short-pass ?lter, a band-pass ?lter, or a band 
blocking ?lter. In some embodiments of the apparatus and 
methods the image sensor of the endoscope can be an 
un?ltered image sensor. An un?ltered image sensor relies on 
the natural optical response of the sensor material to light 
impinging on the sensor to generate an image signal. 
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[0030] In other embodiments of the apparatus and meth 
ods the image sensor can have an optical ?lter placed in front 
of it to limit the Wavelengths of light that reach the sensor. 
It may also have a matrix ?lter that only alloWs selected 
Wavelengths to reach selected pixels. The optical ?lter can 
be at least one of a long-pass ?lter, a short-pass ?lter, a 
band-pass ?lter, or a band-blocking ?lter. The matrix optical 
?lter can be at least tWo of a long-pass ?lter, a short-pass 
?lter, a band-pass ?lter, or a band-blocking ?lter. A long 
pass ?lter is useful to block undesired Wavelengths such as 
ultraviolet light or ?uorescence excitation light from 
impinging on the sensor. Ashort-pass ?lter is useful to block 
undesired Wavelengths such as infrared light from impinging 
on the sensor. Aband-pass ?lter may be useful to alloW only 
selected Wavelengths such as visible light to impinge on the 
detector. A band-blocking ?lter is useful to block ?uores 
cence excitation light from impinging on the image sensor. 

[0031] The light source and sensor are operably connected 
to a controller that contains computer-implemented pro 
gramming that controls the time of image acquisition in the 
image sensor and the Wavelength distribution and duration 
of illumination in the light source. The controller can be 
located in any desired location relative to the rest of the 
system. For example, the controller can be either Within a 
housing of the source of illumination or it can be located 
remotely, connected by a Wire, ?ber optic cable, cellular link 
or radio link to the rest of the system. If desired, the 
controller, Which is typically a single computer but can be a 
plurality of linked computers, a plurality of unlinked com 
puters, computer chips separate from a full computer or 
other suitable controller devices, can also contain one or 
more computer-implemented programs that provide control 
of image acquisition and/or control of speci?c lighting 
characteristics, i.e., speci?c desired, selected spectral out 
puts and Wavelength dependent intensities, corresponding to 
knoWn Wavelength bands that are suitable for imaging or a 
speci?c light for disease diagnosis or treatment, or to invoke 
disease treatment (for example by activating a drug injected 
into a tumor in an inactive form), or other particular situa 
tions. In another embodiment of the apparatus and methods, 
the computer controlled image sensor (CCIS) can be syn 
chroniZed to the computer controlled light source (CCLS) to 
provide sequences of color images of tissue illuminated by 
desired Wavelengths of light and captured as digital images. 
These digital images can then be combined or processed as 
desired to provide useful information to the physician or 
surgeon. 

[0032] In one embodiment of the apparatus and methods, 
the endoscopy system or CCLS provides an image capture 
device or sub-system able to accept a digital or analog video 
image signal provided by an existing commercial endoscopy 
video system or a custom video system constructed in a 
similar manner to an existing commercial video system. The 
image capture device may be integral to the CCLS or it may 
be a modular component of an endoscopy system. It may be 
operably connected to a controller containing computer 
implemented programming. 

[0033] The endoscopy system can further comprise com 
puter controlled image acquisition and processing systems 
that can analyZe the information from an image or sequence 
of images and present it in a Way that is meaningful to an 
operator. 
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[0034] In another embodiment of the apparatus and meth 
ods, the controller contains computer implemented program 
ming that can analyZe the image of the tissue captured from 
the image sensor and if desired adjust the intensity of the 
illumination of the tissue to provide an image that is 
enhanced for the operating range of the sensor. If desired, the 
systems can then apply the information to adjust the illu 
mination of the tissue to scale the captured color image in a 
Way to suitably present the resultant image While restoring 
the appropriate relationships betWeen the intensities of the 
pixels in the color image channels and While expanding the 
dynamic range of the image. The illumination of the tissue 
can enhance the contrast of a desired anatomical feature, for 
instance a blood vessel or a cancerous lesion, and the 
information can be used to adjust the illumination of the 
tissue to scale the captured color image in a Way suitable to 
present the resultant image in a useful or meaningful Way. 

[0035] The CCLS and CCIS may be operably connected to 
a controller, Which controller contains computer-imple 
mented programming that controls image acquisition in the 
CCIS and the Wavelength distribution and duration of illu 
mination in the CCLS. 

[0036] The methods further can comprise passing the 
modi?ed light beam by an optical projection device located 
doWnstream from at least one of the ?rst RPSLM and the 
second RPSLM to project light as a directed light beam. The 
methods may or may not comprise passing the spectrum by 
an enhancing optical element betWeen the spectrum former 
and the pixelated spatial light modulator. 

[0037] The methods can further-comprise re?ecting the 
desired segment of light to a detector optically connected to 
and doWnstream from the RPSLM, the detector located in 
the second re?ected light path or otherWise as desired and 
operably connected to the controller, Wherein the controller 
contains computer-implemented programming con?gured to 
determine from the detector Whether the desired segment 
contains the desired selected spectral output and the desired 
Wavelength dependent intensity distribution, and therefrom 
determining Whether the ?rst segment contains the desired 
selected spectral output and the desired Wavelength depen 
dent intensity distribution. The methods can comprise 
adjusting the on/off pattern of pixels in the RPSLM to 
improve the correspondence betWeen the desired segment 
and the desired selected spectral output and the desired 
Wavelength dependent intensity distribution. 

[0038] The methods can also comprise removing undes 
ired energy emitted from the light source toWard at least one 
of the RPSLM, the enhancing optical element, and the 
spectrum former, the removing effected via a heat removal 
element operably connected to the light source. The methods 
further can comprise a spectral recombiner optically con 
nected to and located doWnstream from the RPSLM. 

[0039] The methods can further comprise directing the 
output beam to illuminate a tissue by at least one of directly 
illuminating the tissue via a projected beam, or directing the 
beam into the light guide of an endoscope, or directing the 
beam into the light guide of a surgical microscope or other 
imaging system for vieWing tissue. 

[0040] The methods can further comprise capturing an 
image of the light emitted by a tissue illuminated by the light 
from the CCLS and storing it for processing, analysis or 
display. 
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[0041] The methods can further comprise combining a 
sequence of digital or analog images and processing or 
combining them to form an image of the tissue that provides 
information to the physician or surgeon. 

[0042] The methods can comprise capturing and display 
ing a sequence of images from a monochrome imager sensor 
Where the Wavelengths of illumination are substantially in 
the red, green and blue portions of the Wavelength spectrum 
(or in the cyan, yelloW and magenta portions of the Wave 
length spectrum) and the images are combined to produce a 
color image With the red, green and blue channels. 

[0043] The methods can further comprise capturing an 
image from a color image sensor such as an image sensor 
equipped With a Bayer ?lter, and analyZing the image of the 
tissue captured from the image sensor and if desired adjust 
ing the intensity of the illumination of the tissue to provide 
an image that is optimiZed for the operating range of the 
sensor. 

[0044] The methods can further comprise capturing an 
image from a color image sensor such as an image sensor 
equipped With a Bayer ?lter, analyZing the image of the 
tissue captured from the image sensor and if desired adjust 
ing the intensity of the illumination of the tissue to provide 
an image that is optimiZed for the operating range of the 
sensor, and then applying the information used to adjust the 
illumination of the tissue to scale the captured color image 
in a Way suitable to present the resultant image While 
restoring the appropriate relationships betWeen the intensi 
ties of the piXels in the color image channels and While 
expanding the dynamic range of the image. 

[0045] The methods can further comprise capturing an 
image from a color image sensor such as an image sensor 
equipped With a Bayer ?lter, analyZing the image of the 
tissue captured from the image sensor and if desired adjust 
ing the intensity of the illumination of the tissue to provide 
an image that is optimiZed to enhance the contrast of a 
desired anatomical feature, for instance a blood vessel or a 
cancerous lesion, and then applying the information used to 
adjust the illumination of the tissue to scale the captured 
color image in a Way suitable to present the resultant image 
in a useful or meaningful Way. 

[0046] In another aspect, the present invention further 
comprises a light source located upstream from the input 
port. The light source may be a laser, a Xenon arc lamp, a 
mercury arc lamp, a tungsten ?lament lamp, a metal halide 
lamp, a ?uorescent lamp, an infrared source, a gas discharge 
tube, a light emitting diode, or any other kind of light source 
that can be shaped into a light beam. These and other 
aspects, features and embodiments are set forth Within this 
application, including the folloWing Detailed Description 
and attached draWings. The discussion herein provides a 
variety of aspects, features, and embodiments; such multiple 
aspects, features and embodiments can be combined and 
permuted in any desired manner. In addition, various refer 
ences are set forth herein that discuss certain apparatus, 
systems, methods, or other information; all such references 
are incorporated herein by reference in their entirety and for 
all their teachings and disclosures, regardless of Where the 
references may appear in this application. Such incorporated 
references include: US. Pat. No. 6,781,691; pending US. 
patent application Ser. No. 10/893,132, entitled Apparatus 
And Methods Relating To Concentration And Shaping Of 

Oct. 13, 2005 

Illumination, ?led Jul. 16, 2004; pending US. patent appli 
cation Ser. No. (attorney docket no. 1802-9-3), 
entitled Apparatus And Methods Relating To Color Imaging 
Endoscope Systems, ?led contemporaneously hereWith; 
pending US. patent application Ser. No. (attorney 
docket no. 1802-13-3), entitled Apparatus And Methods 
Relating To Expanded Dynamic Range Imaging Endoscope 
Systems, ?led contemporaneously hereWith; pending US. 
patent application Ser. No. (attorney docket no. 
1802-14-3), entitled Apparatus And Methods For Perform 
ing Phototherapy, Photodynamic Therapy And Diagnosis, 
?led contemporaneously hereWith; pending US. patent 
application Ser. No. (attorney docket no. 1802-15 
3), entitled Apparatus And Methods Relating To Enhanced 
Spectral Measurement Systems, ?led contemporaneously 
hereWith. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 provides a schematic depiction of a com 
puter controlled “tunable” light source that can change the 
Wavelength dependent distribution of illumination energy, 
equipped With an integrated image capture device and 
connected to an endoscope, camera control unit and camera 
and image display system. 

[0048] FIG. 2 provides a schematic depiction of the main 
components of a tunable light source With an integrated 
image capture device or subsystem. 

[0049] FIG. 3 provides a schematic depiction of a color 
video image, its red, green and blue image components and 
a graph representing the intensity of a horiZontal video line 
across the center of each image. 

[0050] FIG. 4 is a schematic representation of a color 
video image With the green channel saturated. 

[0051] FIG. 5 is a schematic representation of the effect 
on the video image and color channels When image satura 
tion triggers an illumination intensity reduction. 

[0052] FIG. 6 is a schematic representation of the effect 
on the video image and color channels When image satura 
tion triggers an illumination intensity reduction for only 
Wavelengths of light that contribute to the signal for the 
saturated channel. 

[0053] FIG. 7 is a schematic representation of the effect 
on the video image signal When the output image channel 
that has had illumination attenuated has its signal restored by 
multiplying the signal by the attenuation factor. 

[0054] FIG. 8 is a schematic representation illustrating the 
dynamic range of a digital image and the relative contribu 
tion of the dynamic range of the light source and the 
dynamic range of the digitiZed image from the image sensor. 

DETAILED DESCRIPTION 

[0055] One of the problems in medical imaging is When an 
imaging device over- or under-exposes the target tissue. This 
is someWhat like overeXposing or undereXposing a picture 
taken With a normal camera, and means that the image is too 
light or dark to properly see the target tissue. In medical 
situations, hoWever, this failure can be critically important 
because it can hide a cancer or injury. Previously, systems 
have handled this problem by turning up or doWn the total 
amount of light shone on the sample. In order to reduce this 
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problem, the present invention comprises tunable light 
sources that can selectively turn the poWer up or doWn, 
Whether only in a single Wavelength band, a plurality of 
bands, or overall. This is advantageous, for example, 
because often the overexposure is due to only a single 
Wavelength band of light, not the overall illumination poWer, 
so the overexposed band is corrected (thereby providing the 
full information for that band) While the remainder of the 
light is unchanged (so that the full information from those 
bands isn’t lost due to the underexposure in such bands 
caused by turning doWn the total light intensity. The tunable 
light sources are used in combination With sensitive detec 
tors and computers that control and measure both hoW much 
the light source is turned up or doWn and hoW much light 
returns from the sample, and then combines them to provide 
images that cover a much Wider overall range of intensities 
and valuable information. This reduces the chance that the 
tissue appears overexposed or underexposed (this is knoWn 
as improving the dynamic range of the endoscope). The 
systems, methods, etc., herein provide signi?cantly 
improved imaging systems for endoscopes, surgical micro 
scopes or other optical apparatus such as otoscopes, and 
other medical and non-medical devices. 

[0056] Turning to some general information about light, 
the energy distribution of light is What determines the nature 
of its interaction With an object, compound or organism. A 
common Way to determine the energy distribution of light is 
to measure the amount or intensity of light at various 
Wavelengths to determine the energy distribution or spec 
trum of the light. To make light from a light source useful for 
a particular purpose it can be conditioned to remove unde 
sirable Wavelengths or intensities, or to enhance the relative 
amount of desirable Wavelengths or intensities of light. 

[0057] A high signal to noise ratio and high out of band 
rejection enhances the spectral characteristics of different 
light sources or lighting environments, and also enhances 
?uorescence excitation, spectroscopy or clinical treatments 
such as photodynamic therapy. 

[0058] The systems and methods, including kits and the 
like comprising the systems or for making or implementing 
the systems or methods, provide the ability to selectively, 
and variably, decide Which colors, or Wavelengths, from a 
light source Will be projected from the system, and hoW 
strong each of the Wavelengths Will be. The Wavelengths can 
be a single Wavelength, a single band of Wavelengths, a 
group of Wavelengths/Wavelength bands, or all the Wave 
lengths in a light beam. If the light comprises a group of 
Wavelengths/Wavelengths bands, the group can be either 
continuous or discontinuous. The Wavelengths can be 
attenuated so that the relative level of one Wavelength to 
another can be increased or decreased (e.g., decreasing the 
intensity of one Wavelength among a group of Wavelengths 
effectively increases the other Wavelengths relative to the 
decreased Wavelength). This is highly advantageous because 
such ?ne control of spectral output and Wavelength depen 
dant intensity distribution permits a single lighting system to 
provide highly specialiZed light such as light for diagnosing 
or treating disease or activating drugs. 

[0059] De?nitions. 

[0060] The folloWing paragraphs provide de?nitions of 
some of the terms used herein. All terms used herein, 
including those speci?cally discussed beloW in this section, 
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are used in accordance With their ordinary meanings unless 
the context or de?nition indicates otherWise. Also unless 
indicated otherWise, except Within the claims, the use of “or” 
includes “and” and vice-versa. Non-limiting terms are not to 
be construed as limiting unless expressly stated (for 
example, “including” and “comprising” mean “including 
Without limitation” unless expressly stated otherWise). 

[0061] A “controller” is a device that is capable of con 
trolling a spatial light modulator, a detector or other ele 
ments of the apparatus and methods herein. A “controller” 
contains or is linked to computer-implemented program 
ming. Typically, a controller comprises one or more com 
puters or other devices comprising a central processing unit 
(CPU) and directs other devices to perform certain functions 
or actions, such as the on/off pattern of the pixels in the 
pixelated SLM, the on/off status of pixels of a pixelated light 
detector (such as a charge coupled device (CCD) or charge 
injection device (CID)), and/or compile data obtained from 
the detector, including using such data to make or recon 
struct images or as feedback to control an upstream spatial 
light modulator. A computer comprises an electronic device 
that can store coded data and can be set or programmed to 
perform mathematical or logical operations at high speed. 
Controllers are Well knoWn and selection of a desirable 
controller for a particular aspect of the present apparatus and 
methods is readily achievable in vieW of the present disclo 
sure. 

[0062] A “spatial light modulator” (SLM) is a device that 
is con?gured to selectively modulate light. The present 
invention comprises one or more spatial light modulators 
disposed in the light path of an illumination system. A 
pixelated spatial light modulator comprises an array of 
individual pixels, Which are a plurality of spots that have 
light passing characteristics such that they transmit, re?ect 
or otherWise send light along a light path, or instead block 
the light and prevent it or interrupt it from continuing along 
the light path. Such pixelated arrays are Well knoWn in the 
art, having also been referred to as a multiple pattern 
aperture array, and can be formed by an array of ferroelectric 
liquid crystal devices, liquid crystal on silicon (LCOS) 
devices, electrophoretic displays, or by electrostatic 
microshutters. See, Us. Pat. No. 5,587,832; U.S. Pat. No. 
5,121,239; R. Vuelleumier, Novel Electromechanical 
Microshutter Display Device, Proc. Eurodisplay ’84, Dis 
play Research Conference September 1984. 

[0063] A re?ective pixelated SLM comprises an array of 
highly re?ective mirrors that are sWitchable betWeen at least 
an on and off state, for example betWeen at least tWo 
different angles of re?ection or betWeen present and not 
present. Examples of re?ective pixelated SLMs include 
digital micromirror devices (DMDs), liquid crystal on sili 
con (LCOS) devices, as Well as other MicroElectroMechani 
cal Structures (MEMS). DMDs can be obtained from Texas 
Instruments, Inc., Dallas, Tex., USA. In this embodiment, 
the mirrors have three states. In a parked or “0” state, the 
mirrors parallel the plane of the array, re?ecting orthogonal 
light straight back from the array. In one energiZed state, or 
a “—10” state, the mirrors ?x at —10° relative to the plane of 
the array. In a second energiZed state, or a “+10” state, the 
mirrors ?x at +10° relative to the plane of the array. Other 
angles of displacement are possible and are available in 
different models of this device. When a mirror is in the “on” 
position light that strikes that mirror is directed into the 



US 2005/0228231 A1 

projection light path. When the mirror is in the “off” position 
light is directed away from the projection light path. On and 
off can be selected to correspond to energiZed or non 
energiZed states, or on and off can be selected to correspond 
to different energiZed states. If desired, the light directed 
away from the projection light path can also be collected and 
used for any desired purpose (in other Words, the DMD can 
simultaneously or serially provide tWo or more useful light 
paths). 
[0064] The pattern in the RPSLM can be con?gured to 
produce tWo or more spectral and intensity distributions 
simultaneously or serially, and different portions of certain 
RPSLMs can be used to project or image along tWo or more 
different projection light paths. 

[0065] An “illumination light path” is the light path from 
a light source to a target, While a “detection light path” is the 
light path for light emanating from the target or sample to a 
detector. The light includes ultraviolet (UV) light, blue light, 
visible light, near-infrared (NIR) light and infrared (IR) 
light. 

[0066] “Upstream” and “downstream” are used in their 
traditional sense Wherein upstream indicates that a given 
device is closer to a light source, While doWnstream indi 
cates that a given object is farther aWay from a light source. 

[0067] The discussion herein includes both means plus 
function and step plus function concepts. HoWever, the 
terms set forth in this application are not to be interpreted in 
the claims as indicating a “means plus function” relationship 
unless the Word “means” is speci?cally recited in a claim, 
and are to be interpreted in the claims as indicating a “means 
plus function” relationship Where the Word “means” is 
speci?cally recited in a claim. Similarly, the terms set forth 
in this application are not to be interpreted in method or 
process claims as indicating a “step plus function” relation 
ship unless the Word “step” is speci?cally recited in the 
claims, and are to be interpreted in the claims as indicating 
a “step plus function” relationship Where the Word “step” is 
speci?cally recited in a claim. 

[0068] Other terms and phrases in this application are 
de?ned in accordance With the above de?nitions, and in 
other portions of this application. 

[0069] Turning to the ?gures, FIG. 1 schematically 
depicts a color endoscopy system 2. Computer controlled 
light source (CCLS) 10 is controlled by endoscopy system 
computeriZed controller 50 is disposed at a proximal end of 
the light guide 90 of endoscope 30. CCLS 10 emits a light 
beam that is directed into the illumination light guide 90 of 
endoscope 20. The light is conducted through the endoscope 
via the illumination light guide 90 to the distal tip 100 of the 
endoscope Where it exits the endoscope and illuminates the 
tissue 110. Aportion of the light emanating from tissue 110 
is captured by the objective lens located in endoscope tip 40 
and is directed to form an image of the tissue on image 
sensor 30, Which as depicted is located at the proximal end 
of the endoscope 20; other locations for the image sensor 30 
can also be suitable. Any suitable optical elements can be 
employed as the objective lens, if one is desired, such as 
lenses, mirrors, optical ?bers or ?lters for the forming, 
mixing, imaging, collimating or other conditioning of the 
light. Thus, the light is passed by the objective either by 
transmitting the light or by re?ecting the light or otherWise 
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by acting upon the light. If desired, optical ?lters and other 
desired elements can also be provided in the primary image 
path, connected by mirrors, lenses or other optical compo 
nents. 

[0070] The optical image of the tissue is transduced by 
image sensor 30 to create an electrical signal representative 
of the image. Image sensor 30 may be a charge coupled 
device (CCD), complementary metal oxide semiconductor 
(CMOS) or charge injection device (CID) image sensor, or 
it may be another type of image sensor. 

[0071] Image sensor 30 is operably connected via endo 
scope image output and image control cable 40 to the image 
capture system of endoscopy system controller 20. The 
image signal data from the image sensor 45 of endoscope 30 
is transmitted to the system controller 50. Transmission of 
the image signal may be effected by electrical signals 
traveling through conducting Wires, optical signals traveling 
through optical ?bers or other optical transmission methods 
or it may be transmitted by Wireless communication devices 
such as radio Waves or other types of Wireless devices or 

netWorks, or otherWise as desired. 

[0072] The system controller 50 processes the video image 
and transmits as an analog or digital video image signal 60 
to the image capture and image analysis sub system 210 
(FIG. 2) of the computer controlled light source. 

[0073] The captured digital image is stored and associated 
With data that identi?es the relative time the image Was 
captured and the type of illumination provided by the CCLS 
When the image Was captured. The image processing sub 
system 210 of CCLS 10 can then analyZe the images 
captured to determine Whether adjustments to the illumina 
tion light output characteristics Would be advantageous and 
can process the captured image to adjust the image for the 
relative amount of illumination and then pass the processed 
image on via connector 70 to image display unit 80. 

[0074] System controller 20 contains computer imple 
mented programming that controls the spectral distribution 
and timing of the light output by the computer controlled 
light source 10. 

[0075] Turning to FIG. 2, CCLS 10 comprises several 
subsystems. Image signal 60 is transmitted to image pro 
cessing subsystem 210 that accepts the image signal and if 
desired converts it to a desired format for analysis, for 
example a digital image. The image is analyZed using 
computer implemented programming to determine if the 
image signal is Within the optimum measurement range of 
the image sensor for each color channel of the image being 
measured. An image color channel corresponds to a speci?c 
distribution of Wavelengths that may be useful for distin 
guishing features or enhancing information about the object 
being imaged. Some examples of image channels that are 
Well knoWn are red, green and blue image channels or cyan, 
yelloW and magenta. The Wavelength ranges corresponding 
to these channels are Well knoWn but can be adjusted as 
desired. 

[0076] If an image channel is not Within a desired range of 
the image sensor the illumination intensity can be adjusted, 
Within the range of control to provide more or less illumi 
nation in the corresponding Wavelength range. If it is deter 
mined that an adjustment to the illumination needs to be 
made, this is communicated via internal data communication 
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interface 250 to lighting control module 220. Lighting 
control module 220 adjusts the Wavelength dependent inten 
sity of the output illumination 270 as desired and directs the 
output illumination 270 via endoscope light guide adapter 
270 to the illumination light guide of the endoscope or to the 
illumination light path of the surgical microscope, or other 
tissue observation device. 

[0077] If it is determined that an adjustment to the illu 
mination needs to be made, this is also communicated via 
internal data communication interface 260 to output image 
processing module 240. The image data is also communi 
cated via internal data communication interface 260 to 
output image processing modules 240. When lighting con 
trol module 220 adjusts the Wavelength dependent intensity 
of the output illumination 270 the amount of the adjustment 
is used to determine the proportional amount that the digital 
image needs to be scaled to preserve the quantitative rela 
tionships betWeen the image channels, While ensuring that 
the measurement is Within the dynamic range of the sensor. 
The output image can be adjusted proportionately to pre 
serve the optical relationships of the image channels and 
effectively communicate information about the tissue to the 
physician, surgeon or other clinical staff. 

[0078] FIG. 3 provides an example of a digital color 
endoscopy image 300 and its component red image channel 
310, green image channel 320 and blue image channel 330. 
The intensity of these images is Within the dynamic range of 
the image sensor as can be seen by the graphs representing 
the intensity of the pixels in a line across the middle of each 
of the images for the red 340, green 350 and blue 360 image 
channels. 

[0079] FIG. 4 provides an example of a digital color 
endoscopy image 400 and its component red image channel 
410, green image channel 420 and blue image channel 430. 
The intensity of the green 420 and blue 430 images is Within 
the dynamic range of the image sensor, but red image 410 is 
saturated as can be seen by the graphs representing the 
intensity of the pixels in a line across the middle of each of 
the images for the red 440, green 450 and blue 460 image 
channels. 

[0080] Most commercially available endoscopy image 
systems have the capability of attenuating the overall illu 
mination of the light source. This can be done by adjusting 
the poWer to the lamp, or by moving a screen or other 
aperture in front of the output of the system to attenuate the 
light delivered to the illumination light guide. Often this 
adjustment is performed automatically by computer or elec 
tronic analysis of the image signal providing feedback to the 
illumination control system. 

[0081] FIG. 5 provides a schematic representation of the 
effect of adjusting overall illumination intensity on the video 
signal. The Wavelength dependent intensity distribution of 
illumination light 500 provided to an endoscope light guide 
results in saturation of the red channel as shoWn in graph 520 
of the intensity of pixels along a line through the center of 
the red image channel. The green channel and the blue 
channel are Within the dynamic range of their respective 
channels as shoWn in the graphs of a line through the center 
of the green channel image 530 and the blue channel image 
540. When the system or the operator detects saturation of 
one or more of the image video channels, the illumination 
intensity is reduced across all Wavelength channels as shoWn 
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in graph 510 of the Wavelength dependent intensity of the 
light source. The effect of this adjustment is to reduce the 
intensity of the red image to a range that is Within the 
dynamic range of the image sensor for the red channel, as 
shoWn in graph 550 of the intensity of pixels along a line 
through the center of the red image channel. The green 
channel and the blue channel are noW at the loW end of the 
dynamic range of their respective channels as shoWn in the 
graphs of a line through the center of the green channel 
image 560 and the blue channel image 570 and are not in the 
optimal detection range of the image sensor. 

[0082] FIG. 6 provides an example of an endoscopy light 
source that provides control of the Wavelength dependent 
intensity of illumination rather that just overall adjustment 
of the intensity of illumination. In FIG. 6, illumination 
pro?le characteriZed by a particular Wavelength dependent 
distribution of intensity 600 illuminates a particular tissue, 
the intensity pro?les of the red channel 620 and the blue 
channel 640 are Within the dynamic range of the image 
sensor, but the green channel 630 is saturated. When the 
resultant image is analyZed, instead of attenuating all Wave 
lengths, the light source attenuates only one Wavelength 
region as shoWn in graph 610 of the Wavelength dependent 
intensity distribution of the computer controlled light 
source. The amount of the attenuation can be adjusted and 
then the degree of that attenuation can be factored into the 
measured intensity for that channel of the image, to be used 
When digitally reconstructing an enhanced dynamic range 
image. The digital attenuation factor for the red channel 680, 
the green channel 685 and the blue channel 690 can be 
recorded as binary intensity values Which can be combined 
With digital binary image data. The intensity of these images 
is noW Within the dynamic range of the image sensor as can 
be seen by the graphs representing the intensity of the pixels 
along a line across the middle of each of the images for the 
red 650, green 660 and blue 670 image channels. 

[0083] Turning to FIGS. 7 and 8, the output image 
processing module 240 can process the image to incorporate 
the additional dynamic range information provided by the 
control of illumination intensity by combining the informa 
tion in several Ways. FIG. 7 shoWs the combination of an 
illumination light source With 16 levels (4 bit) of illumina 
tion intensity control being combined With an image With 
256 levels (8 bit) of measurable image intensity. These can 
be represented in binary notation by a 4 bit number and an 
8 bit number. Multiplying the range of illumination by the 
range of detection provides a theoretical dynamic range of 
12 bits or 5096 levels of intensity. The 4 bit illumination 
range and 8 bit image range mentioned above are exemplary. 
Actual values for illumination range can be any range of 
control and measurement that is possible for the light source 
and imaging device being used. For example, the light 
source might provide 6, 8, 12 or 16 bits of adjustment, and 
the detector can similarly provide 6, 8, 12 or 16 bits of 
detection sensitivity. 

[0084] FIG. 7 shoWs hoW the exemplary 4 bit digital 
illumination range of the light source 710 can be combined 
With the exemplary 8 bit digital image range of the detector 
720 to produce a digital image With 12 bits of range 730. By 
multiplying the 8 bit image pixel value by the 4-bit illumi 
nation range and then dividing by the actual illumination 
value one can calculate the actual 12-bit value Within the 
12-bit dynamic range image. In FIG. 7, the red channel 
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image values from FIG. 6 have been multiplied by the 
illumination range to produce 12 bit image intensity values 
745. These values are then divided by actual illumination 
value 680 to produce the red digital output image values 
750. Green channel 765 is divided by actual illumination 
value 685 to produce the green digital output image values 
760. Green channel 765 is divided by actual illumination 
value 690 to produce the digital output image values 770. 
For the green channel and digital output image values 760, 
the height of the graph has been increased tWo-fold to 
account for the halving of the illumination intensity used in 
the green channel, Which compensated for the saturation 
When the green illumination intensity Was the same as the 
intensity of the red and blue channels. 

[0085] The resultant values have suf?cient dynamic range 
and accuracy to provide improved display and image pro 
cessing of the resultant output images. 

[0086] FIG. 8 provides a schematic ?oW chart represen 
tation of hoW the controllable illumination range 800 of the 
light source can be combined With the measurement range 
802 of the imaging device to provide expanded dynamic 
range imaging. Brie?y, tunable light source 810 (CCLS) 
selectably, variably controls the Wavelength and intensity of 
the light from the light source 810. Such control can be from 
a feedback loop that informs the computer controlling the 
tunable light source 810 Whether the response from a sample 
Within a given Wavelength range or band is too high or too 
loW to be meaningfully measured, from a user, or otherWise 
as desired. The tunable light source 810 is then adjusted 820 
until the response from the tissue is appropriate. In FIG. 8, 
the light is attenuated according to a 4-bit value (other levels 
of attenuation or increased illumination as desired are also 
possible) indicated as a digital attenuation value 840. Such 
value can also be represented in binary form to provide a 
digital illumination value 830. Generally Working in concert 
With the illumination range 800, measurement range 802 
comprises a detection system 850 having a given range of 
measurement values 860, Which in the example given is an 
8-bit range (other levels of measurement as desired are also 
possible), Which can be expressed in binary form to provide 
a digital measurement value 870. The different measurement 
values 830, 870 are then combined to provide a full image 
value 880, Which as indicated can also be expressed in 
binary form. This full image value 880 then provides an 
image display 890 having an enhanced dynamic range, here 
a 12 bit (4 bit><8 bit) range. 

[0087] Thus, in some aspects the optical imaging systems 
having good dynamic range comprise a tunable light source 
con?gured to emit illumination light comprising a variable 
selected spectral output and a variable Wavelength depen 
dent intensity distribution. The light source can be con?g 
ured to independently increase or decrease the variable 
selected spectral output and the variable Wavelength depen 
dent intensity distribution as desired. A sensor con?gured to 
detect light emanating from the target tissue and transmit a 
signal representing at least the spectral distribution and 
Wavelength dependent intensity distribution of the emanat 
ing light to a processor, and a controller operably connected 
to the light source, the sensor and the processor, the con 
troller containing computer-implemented programming that 
can be con?gured to coordinate the light source, sensor and 
processor such that the programming varies the selected 
spectral output and Wavelength dependent intensity distri 
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bution of the illumination light to provide a compensatory 
illumination light con?gured to compensate for oversatura 
tion or underexposure in a speci?c Wavelength distribution 
in the signal Without substantially changing acceptable 
Wavelength distributions, and the computer-implemented 
programming can be con?gured to combine data about the 
variation of the light source With the data about the signal to 
provide an enhance dynamic range for the system compared 
to the sensor alone. The system can be a part of, attached to 
(permanently or temporarily) or embodied in an endoscope, 
otoscope, surgical microscope or other medical or non 
medical system. 

[0088] The tunable light source can comprise a source of 
light, and a tunable ?lter comprising a spectrum former and 
a pixelated spatial light modulator (SLM) located doWn 
stream from and optically connected to the spectrum former, 
the pixelated SLM con?gured to pass the desired light. The 
SLM can be a re?ective or transmissive pixelated SLM. The 
pixelated SLM can be con?gured to provide ?rst and second 
pixelated SLM regions disposed substantially side-by-side 
With a light blocking barrier therebetWeen, and the system 
further can comprise at least one optical element located and 
con?gured to transmit light from the ?rst pixelated SLM 
region to the second pixelated SLM region. The tunable light 
source can also comprise an acousto-optic tunable ?lter 
(AOTF) in place of or in addition to the SLM. The tunable 
light source can comprise at least tWo tunable ?lters con 
?gured in series to eliminate virtually all unWanted light. 

[0089] The sensor can be disposed at the distal end and can 
be a monochromatic or color sensor. The system can further 

comprise computer-implemented programming con?gured 
to coordinate the light source, sensor and processor such that 
the light source provides over time a plurality of different 
desired Wavelength bands of illumination light each having 
a selected, substantially pure, variable distribution and inten 
sity, the monochromatic sensor detects light intensity ema 
nating from the target tissue to provide a detected light 
intensity for each of the desired Wavelength distributions, 
and the processor associates the detected light intensity for 
each of the bands With a selected color suitable for display 
on a display device. The system can be con?gured such that 
the compensatory illumination light can be attenuated in 
substantially only a single Wavelength band compared to the 
illumination light, Which can be for example one of red, blue 
or green, or one of cyan, yelloW or magenta or other band as 
desired. The compensatory illumination light can also be 
attenuated in a plurality of Wavelength bands. 

[0090] The illumination light can comprise at least one 
band of ?uorescence excitation (or other excitation light) 
illumination light. If desired, the system further can com 
prise at least one long pass ?lter con?gured to block sub 
stantially all of the ?uorescence excitation illumination band 
that re?ects back to the sensor, Which can be any of a charge 
coupled device (CCD), a complementary metal oxide semi 
conductor (CMOS), a charge injection device (CID), and a 
photodiode array or other sensor as desired. The system can 
also have a display device. The endoscope can be ?exible or 
non-?exible, and the illumination can comprise or consists 
essentially of visible light, ultraviolet (UV) light and infra 
red (IR) light. The system can be con?gured to provide 
different intensities for at least one Wavelength band of 
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illumination light by varying the amount of time and/or 
attenuating the different desired Wavelength bands can be 
emitted from the endoscope. 

[0091] The spectral output and a Wavelength dependent 
intensity distribution can also be con?gured for disease 
treatment, photodynamic therapy, for disease diagnosis, to 
enhance contrast for detection or discrimination of a desired 
object in the target tissue or for other purposes as desired. 
The processor can be the controller. 

[0092] In other aspect, the methods herein include making 
and using the systems and devices discussed herein. For 
eXample, the methods can comprise obtaining an image of a 
target having good dynamic range comprising a) emitting 
illumination light from a tunable light source con?gured to 
emit illumination light comprising a variable selected spec 
tral output and a variable Wavelength dependent intensity 
distribution, The light source can be con?gured to indepen 
dently increase or decrease the variable selected spectral 
output and the variable Wavelength dependent intensity 
distribution as desired, to illuminate a target, b) sensing 
emanating light from the target via a sensor that measures 
the spectral distribution and Wavelength dependent intensity 
distribution of the emanating light, a c) determining Whether 
the emanating light saturates, overeXposes or undereXposes 
sensing elements of the sensor, d) Where the emanating light 
saturates, overeXposes or undereXposes sensing elements of 
the sensor, selectively adjusting the selected spectral output 
and Wavelength dependent intensity distribution of the illu 
mination light to provide a compensatory illumination light 
con?gured to compensate for the oversaturation or under 
eXposure in a speci?c Wavelength distribution in the signal 
Without substantially changing acceptable Wavelengths, and 
e) combining the data about the adjusting of the light source 
With data from the signal to provide an enhanced dynamic 
range compared to the sensor alone. 

[0093] From the foregoing, it Will be appreciated that, 
although speci?c embodiments have been discussed herein 
for purposes of illustration, various modi?cations may be 
made Without deviating from the spirit and scope herein. 
Accordingly, the systems, methods, etc., herein include such 
modi?cations as Well as all permutations and combinations 
of the subject matter set forth herein and is not limited 
eXcept as by the appended claims. 

1. An optical imaging system having good dynamic range 
comprising: 

a) a tunable light source con?gured to emit illumination 
light comprising a variable selected spectral output and 
a variable selected Wavelength dependent intensity 
distribution, Wherein the light source is con?gured to 
independently increase or decrease the variable 
selected spectral output and the variable selected Wave 
length dependent intensity distribution as desired; 

b) an image sensor con?gured to detect light emanating 
from a target and transmit an image of the target to a 
processor; and, 

c) a controller operably connected to the light source, the 
image sensor and the processor, the controller contain 
ing computer-implemented programming that is con 
?gured to coordinate the light source, image sensor and 
processor such that the programming varies the 
selected spectral output and Wavelength dependent 
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intensity distribution of the illumination light to pro 
vide a compensatory illumination light con?gured to 
compensate for at least one of saturation, overexposure 
or undereXposure in a speci?c Wavelength distribution 
in the image Without substantially changing acceptable 
Wavelength distributions, and the computer-imple 
mented programming is con?gured to combine data 
about the variation of the light source With the data in 
the image to provide an enhance dynamic range for the 
system compared to the image sensor alone. 

2. The optical imaging system of claim 1 Wherein the 
system further comprises an endoscope body including a 
proximal end and a distal end, the body con?gured to 
position the distal end proXimate to a target and to emit 
illumination light from the distal end. 

3. The optical imaging system of claim 1 Wherein the 
tunable light source comprises: 

a) a source of light, 

b) a tunable ?lter comprising: 

a spectrum former able to provide a spectrum from a light 
beam traveling along a light path from the source of 
light, 

a piXelated spatial light modulator (SLM) located doWn 
stream from and optically connected to the spectrum 
former, the piXelated SLM con?gured to pass substan 
tially only the selected spectral output and Wavelength 
dependent intensity distribution of the compensatory 
illumination light to compensate for oversaturation or 
undereXposure in the speci?c Wavelength distribution 
in the signal Without substantially changing acceptable 
Wavelength distributions, the piXelated SLM operably 
connected to the controller, Which contains computer 
implemented programming that controls an on/off pat 
tern of piXels in the piXelated SLM to pass substantially 
only the desired Wavelength distributions of illumina 
tion light. 

4. (canceled) 
5. The optical imaging system of claim 3 Wherein the 

piXelated SLM is a re?ective piXelated SLM, and Wherein 
the re?ective surface of the re?ective piXelated SLM is 
con?gured to provide ?rst and second piXelated SLM 
regions disposed substantially side-by-side With a light 
blocking barrier therebetWeen, and the system further com 
prises at least one optical element located and con?gured to 
transmit light from the ?rst piXelated SLM region to the 
second piXelated SLM region. 

6. The optical imaging system of claim 1 or Wherein the 
tunable light source comprises: 

a) a source of light, and, b) a tunable ?lter comprising an 
acousto-optic tunable ?lter (AOTF) operable con?g 
ured to pass substantially only the selected spectral 
output and Wavelength dependent intensity distribution 
of the compensatory illumination light to compensate 
for oversaturation or undereXposure in the speci?c 
Wavelength distribution in the signal Without substan 
tially changing acceptable Wavelength distributions, 
the AOTF operably connected to the controller, Which 
contains computer-implemented programming that 
controls transmission characteristics of the AOTF to 
pass substantially only the compensatory illumination 
light. 

7. (canceled) 




